ABSTRACT Phloea subquadrata Spinola, 1837 (Pentatomoidea: Phloeidae) belongs to a small family of sap feeding bugs that live on tree trunks, on which they are cryptic because of their coloration and ßat body. There are a few studies concerning phloeid anatomy and biology, but almost nothing is known about their ecology. In this study, population dynamics and structure of P. subquadrata on the host tree Plinia cauliflora (Myrtaceae) were investigated during 3 yr in a semideciduous forest in southeast Brazil. Nymphs and adults were active all year round, but the egg-laying season was mainly restricted to the warm, rainy season (SeptemberÐMarch). Population density slightly increased at the end of this season because of reproduction. Population age structure changed markedly over time, with nymphs reaching the adult stage in the subsequent early-to-mid rainy season. Abiotic factors, such as rainfall and temperature, were correlated with female oviposition and population dynamics and phenology. Sex ratio was male-biased, not differing from 1:1 only during the adult recruitment period (OctoberÐJanuary). Under dry weather conditions, phloeids were distributed closer to the base of the tree trunks when compared with rainy conditions. Our results suggest that seasonality and variations in weather conditions are important driving forces of population dynamics and phenology of P. subquadrata, as well as the microhabitat selection on host trees.
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Phloeidae is a small family of true bugs composed of only four species (Grazia et al. 2008 ) whose ecology is practically unknown. The sap-sucker Phloea subquadrata Spinola, 1837 occurs exclusively in Brazil, apparently associated with the Atlantic Forest (Lent and Jurberg 1965 , Guilbert 2003 , Salomão 2007 . It lives on tree trunks, mainly on Myrtaceae species that have an exfoliating bark (Salomão 2007) , such as Campomanesia guazumaefolia (Cambessè des) Otto Berg, C. xanthocarpa (von Martius) Otto Berg, and Plinia cauliflora (von Martius) Kausel (Myrtaceae) (Bernardes et al. 2005) .
Because of its cryptic coloration and unusual body form, P. subquadrata resembles the bark of its host trees. The female exhibits maternal care, covering all eggs with her body (Guilbert 2003) and carrying the brood attached under her abdomen until a little after the Þrst molt (Guilbert 2003 , Bernardes et al. 2005 ). Nymphs do not feed during the Þrst instar (Guilbert 2003) and take 10 Ð12 mo to reach the adult stage under Þeld conditions (Bernardes et al. 2005) . Nymphs occur mostly within aggregates, but adults may be either gregarious or solitary (Guilbert 2003, and A.T.S., unpublished data) .
In this study, we characterize for the Þrst time the population structure and dynamics of a Phloeidae species. SpeciÞcally, our objectives were: (1) to describe the population ßuctuation and phenology of P. subquadrata on the host plant P. cauliflora during 3 yr; (2) to evaluate whether the seasonality of abiotic factors, such as rainfall and temperature, affected the population dynamics of P. subquadrata; (3) to determine the adult sex ratio through time and to establish the reproductive season of this population; (4) to verify whether the vertical distribution of P. subquadrata on host tree trunks varied among seasons.
Materials and Methods
Study Site. This research was conducted in a fruit garden located in the Reserva Ecoló gica da Serra do Japi (23Њ 11ЈS, 46Њ 52ЈW), in Jundiaṍ, São Paulo State, south-eastern Brazil. The fruit garden comprised 31 trees of P. cauliflora and a few trees of other species. The fruit tree P. cauliflora is endemic to the Brazilian Atlantic Forest (Sobral et al. 2010) , but is frequently cultivated for its ornamental value and juicy fruits. Trees planted in the garden were 40 Ð50 yr old and had up to 11 trunks of 7Ð 49 cm diameter at breast height. The semideciduous forest that constitutes the pre-dominant vegetation type in Serra do Japi (Leitão-Filho 1992) was 30 Ð50 m from the fruit trees.
The climate is seasonal, with wet and warm summers from October to March and dry and cool winters from April to September (Pinto 1992) . Rainfall and temperature patterns recorded during this study are illustrated in a climatic diagram (according to Walter and Lieth 1960) , generated with the software ECD version 2.0 (Haase 2002; Fig. 1) . The monthly mean temperatures varied between 15.4ЊC in July and 23.8ЊC in February (Fig. 1) . Seasonality was more pronounced in the years of 2002 and 2003, with the driest winter occurring in 2003. In 2004 the rains were more distributed along the year and the dry season was short and concentrated in August and September (Fig. 1) .
Population Dynamics and Age Structure. To study the population dynamics of P. subquadrata in the Þeld, we sampled 19 Ð22 individuals of P. cauliflora monthly from April 2002 to March 2005. Trees were numbered and randomly chosen every month. We carefully inspected the trunks up to a height of 5 m to record the number of nymphs and adults. Inspection time per tree varied between 15Ð 40 min, depending on their size (number of branches and diameter) and number of insects.
Population ßuctuation was deÞned as the variation in insect density over time. Because the size of sampled trees was variable among months, we determined phloeid density as the number of individuals per trunk area (surface). We considered trunk surface especially relevant in this system because it constitutes the background on which P. subquadrata is cryptic. Trunk area was estimated as the product of the stem diameter and inspected height (5 m). Therefore, the sampled area on each tree varied from 2.4 to 30.3 m 2 (X Ϯ SD ϭ 10.8 Ϯ 7.5 m ). Annual population size was estimated as the mean of the products of the monthly density and total surface area of host trees (426.1 m 2 , n ϭ 31). Population phenology was represented by the temporal variation in age structure (Peck 1999, Romero and Vasconcellos-Neto 2005) . To determine the monthly distribution in age classes, we identiÞed every individual of P. subquadrata as Þrst, second, third, fourth or Þfth instar nymph (according to Bernardes et al. 2005) or adult.
Synchrony Between Weather and Population Dynamics. To evaluate if weather affected population ßuctuations of P. subquadrata, we correlated monthly nymph and adult density with monthly total rainfall and mean temperature using the Spearman correlation coefÞcient (Zar 1996) . The same test was used to verify if weather affected phloeid phenology, considering the monthly relative abundance of every nymphal instar, adults and females with eggs. We used a nonparametric test because of non-normality of the majority of data (even after transformation) (Zar 1996) .
Because insect populations frequently respond to weather conditions with some delay (Krebs 2001) , we also correlated phloeid density and relative abundances with rainfall and temperature data from up to 3 mo before. Rainfall and temperature data were obtained from the Experimental Station of Jundiaṍ (ESJ), located 8 km away from the study area and at 710 m elevation. Temperature data were adjusted to the study area by subtracting 0.6ЊC for every 100 m of elevation (Ogden and Powell 1979) . Therefore, 1.44ЊC were subtracted from the original data. It was not necessary to correct rainfall data for elevation, because rain does not vary with altitude in Serra do Japi (Pinto 1992) .
Sex Ratio. We identiÞed the sex of adult individuals according to Lent and Jurberg (1965) to determine sex ratio. The data sets for the 3 yr were pooled because of the low number of individuals in some months. Monthly sex ratios were compared using the 2 test with YatesÕ correction for continuity (Zar 1996) .
Reproduction. We recorded the occurrence of mating couples and number of egg clutches to establish the reproductive period. Number of eggs per clutch was also registered. The proportions of mating couples and females with eggs were deÞned as the ratios to the total number of sampled females. The number of eggs laid by females in the different reproductive seasons were compared using a Kruskal-Wallis test, with signiÞcance level ␣ ϭ 0.05. DunnÕs test was used to determine dissimilarity between seasons (Zar 1996) .
Vertical Distribution on Plants. Position of phloeids on host plant trunks may vary between different periods of time (Guilbert 2003) . To investigate whether , data for adults and nymphs were pooled because they commonly occurred together in the same groups. Samples were considered independent because neither inspected trees nor recorded individuals were the same between sampling periods. We compared location of phloeids among seasons using Kruskal-Wallis test, with ␣ ϭ 0.05. DunnÕs test was used to determine differences between seasons (Zar 1996) .
Results and Discussion
Population Density. Nymphs and adults were active throughout the 3-yr study period, and nymphs had higher density than adults (Fig. 2) . Population density varied among years and months of the same year but did not show a well deÞned seasonal pattern. There was a slightly higher number of adults and a decrease in density of nymphs in the early rainy season, while there was an increase in the number of nymphs and population growth in the late rainy season (after oviposition period; see below) ( Figs. 2 and 3) .
Phloeid density on trees was very high during 2002, when we found up to 89 nymphs and eight adults per 10 m 2 of trunk surface (in August and December, respectively). The estimated population comprised 1,663.9 Ϯ 242.6 individuals, and the mean total density (X Ϯ SE ϭ 46.9 Ϯ 6.8 individuals/10 m 2 ; n ϭ 12) was 3.2 and 4.1 times higher than in 2003 (14.9 Ϯ 2.5 ind./10 m 2 ) and 2004 (11.3 Ϯ 0.9 ind./10 m 2 ), respectively. The greatest reduction in population size occurred in December 2002, when rainfall was abnormally low (51 mm; Fig. 1 ) and the number of fourth and Þfth instar nymphs decreased sharply. Because the ßattened shape of phloeids is more evident from the fourth instar onwards (Bernardes et al. 2005) , such nymphs have high body area/volume ratio. This means that older nymphs, and even newly moulted adults with a soft cuticle, might be particularly vulnerable to desiccation under dry weather conditions. Between the two last years of the study, mean density was similar for both nymphs (t ϭ 1.190; df ϭ 14.7; P ϭ 0.25) and adults (t ϭ Ϫ1.4686; df ϭ 22; P ϭ 0.16). (Fig. 2) . Concurrently, the driest winter of the study period and previous years occurred in 2003 (data from E.S.J.), whereas rains occurred almost all year round in 2004 (Fig. 1) . Thus, population variations in these 2 yr are consistent with our hypothesis that phloeids are affected by weather conditions. Besides the difÞculty of maintaining water balance during the dry season (Janzen and Schoener 1968, Bursell 1974) , sap feeding insects such as P. subquadrata may suffer reduction in Þtness and density because of water stress in host plants (Huberty and Denno 2004) . Nevertheless, such effects might be counterbalanced by the water stored in the soil and plants in short dry periods (Rizzini 1997 ).
Population Phenology. There was a well-marked variation in population age structure through time. In the mid to late rainy season, Þrst and second instar nymphs comprised nearly half of the population. In the dry season, most individuals were third and fourth instar nymphs, who became Þfth instar nymphs and adults in the early to mid rainy season (Fig. 3) .
First instar nymphs were added to the population between October and April (Fig. 3) , with a peak at the beginning of the reproductive season (OctoberÐNo-vember 2002 , and October 2003 to January 2004 and another peak at the end (JanuaryÐMarch 2003 , April 2004 , February 2005 . The Þrst peak was not recorded in the 2004 Ð2005 season, probably because the adult females carrying these nymphs occupied the trunk above 5 m. However, the Þrst peak must have occurred in November, in view of the presence of second instar nymphs in December. Throughout the study, second instar nymphs appeared in the population in periods subsequent to the Þrst density peaks of the Þrst instar nymphs and reached the highest proportion after the second peak (FebruaryÐApril 2003 , JanuaryÐFebruary and May 2004 , and March 2005 (Fig. 3) . The proportion of this phenophase in the population was also very high in April 2002, probably reßecting the occurrence of a Þrst instar peak in February and/or March. Second instar nymphs occurred throughout most of the year, being absent or infrequent only in the late dry season and/or early rainy season (July and September 2002 , SeptemberÐOctober 2003 , SeptemberÐNovember 2004 (Fig. 3) .
During peaks of abundance, the proportion of third instar nymphs reached up to 65% of individuals. These nymphs appeared in the population in JanuaryÐFeb-ruary and occurred in higher proportions 1 or 2 mo after a second instar peak (JuneÐAugust 2002 , March 2004 and January 2005 , disappearing in November (Fig. 3) . Fourth instar nymphs occurred in higher proportions from May to OctoberÐNovember in 2002 and 2003 and from April to September in 2004, and were mostly absent in January (Fig. 3) . Fifth instar nymphs were present in higher proportions in the early to mid rainy season and absent or infrequent during the other periods (Fig. 3) . Adults could be found all year round, but with peaks restricted to the rainy season (December to March in 2002Ð2003, November to JanuaryÐFebruary in 2003Ð2004 and 2004 Ð 2005 . Moreover, the proportion of adult insects never represented Ͼ35% of the population, except in December 2004, when it reached 45% of the total number of individuals (Fig. 3) .
Synchrony Between Weather and Population Dynamics and Phenology. Nymph density responded negatively to rain and adult density responded positively to temperature, both with up to 1 mo of temporal displacement (Table 1 ). The abundance of younger nymphs was positively correlated with rainfall and temperature, mainly after 1 mo for Þrst instar nymphs and after 2 and 3 mo for second instar nymphs (Table 2 ). There was a negative correlation between proportion of third instar nymphs and rainfall up to 2 mo later and temperature mainly in the same month. The proportion of fourth instar nymphs also was negatively correlated with rain and temperature, mainly after 1 or 2 mo. Both the abundance of Þfth instar nymphs and adults responded positively to rainfall and temperature, in the same month and up to 2 mo later, respectively. Positive relationships between relative abundance of females with eggs and rain and temperature in the same month were also observed (Table 2) .
These results suggest that both population dynamics and variation in age structure of P. subquadrata are determined, at least in part, by weather conditions. The rise in temperature stimulated adult recruitment, which contributed to a reduction in nymph density in the early rainy season. Rain and high temperatures propitiated favorable conditions to egg-laying, and the entire life cycle was synchronized with abiotic changes in the environment.
Sex Ratio. Population sex ratio varied over time. It was skewed toward males in nearly all months but did not differ signiÞcantly from 1:1 from October to January (Table 3) , period in which adult recruitment occurred and adults had the highest relative abundance in the population (Fig. 3) . Thus, such bias may be assigned to differences in behavior and/or differential mortality between the sexes. For example, females might climb over the trunk after the reproduc- tive period, reducing the probability of being sampled. However, phloeids tended to occupy the lower part of the trunks in the dry season (see below). Thus, it is more likely that females suffer higher mortality as a consequence of reproduction, either because of the high energetic cost of their reproductive effort (principally for females that invest in big clutches) or because they become more exposed to predators while ovipositing, taking care of eggs and nymphs and/or dispersing in search of a new host tree (Tallamy 1984 , Reznick 1985 , Reguera and Gomendio 1999 . Reproduction. Mating couples were recorded throughout nearly the entire period of study, except in a few dry months (JuneÐJuly 2002 , MayÐJune 2003 and April, JuneÐJuly 2004 ; Fig. 4) . The oviposition period, however, was restricted from September to March (Fig. 4) and occurred a month before the emergence of Þrst instar nymphs (Figs. 3 and 4) . The warm and rainy season should be the most suitable period for oviposition because eggs of P. subquadrata are relatively large and fragile; hence subject to desiccation (Bernardes et al. 2005) , so females laying eggs during this season would maximize brood survival. The occurrence of mating pairs in dry months suggests that females might store sperm for months until conditions suitable for oviposition arise. Moreover, the mostly male-biased sex ratio combined with prolonged copulation (A.T.S., unpublished data) might indicate that males of P. subquadrata not only inseminate females but guard them from other males as occurs in many true bugs (e.g., Carroll and Loye 1990, Carrol 1991) . 2001Ð2002 and 2002Ð2003) . In insect populations reaching abnormally high abundances, a reduction in some Þtness components, such as fecundity, has been documented (see references in Stiling 1988) . Such effects might result from the distribution of Þnite resources among individuals (Price 1997) ; however, it seems reasonable to assume that phloeid reproduction was not limited by resource availability because of the host tree size in the study area. Alternatively, females might have invested in different clutch sizes in response to changes in predation and parasitism risk (e.g., Doligez and Clobert 2003) .
Attacks by natural enemies might be increased when prey population density is high (Sakata 1995 , Heimpel et al. 1997 , Philpott et al. 2009 ). Once P. subquadrata is visually cryptic on the bark of the host tree, high abundances might allow predators to raise detection efÞciency (Greenwood 1969, Gendron and (Godfray 1994) . If (1) risks of egg predation and parasitism increase when phloeid density is high, and (2) females have a ßexible strategy in their investment in reproduction, most females might have laid two or more clutches with few eggs over the season in 2002Ð2003, instead of producing a single clutch with many eggs. Because a clutch can be attacked and lost at once, females adopting the former tactic would spread the risk of attack over time and, consequently, could increase their reproductive success at high population densities.
Vertical Distribution on Plants. Phloeid distribution on P. cauliflora trunks changed seasonally (2003Ð 2004 : H ϭ 7.30; df ϭ 2; P ϭ 0.026; 2004 Ð2005: H ϭ 37.81; df ϭ 3; P Ͻ 0.001). Adults were closer to the ground in the dry than in the rainy season in 2003Ð2004 and the same pattern was recorded for nymphs and adults in 2004 Ð2005 (Fig. 5) . Weather in intermediate seasons was different from one year to another, as was trunk occupancy by P. subquadrata. In the D-R season of 2003, rain distribution was regular and phloeid distribution was intermediate between that in dry and rainy seasons (Fig. 5) . However, in the D-R season of 2004 rainfall was 85% higher than the normal for the period (495 vs. 267 mm; data from E.S.J.), and individuals occupied trunks in the same way as they did in the rainy season.
These results suggest that P. subquadrata selects microhabitats on host trees according to the environmental conditions. It is known that, at increasing heights, wind velocity is higher and temperature and relative humidity decrease (Cox and Moore 1985) , which can negatively affect temperature and water balance in insects (Willmer 1986 ). These conditions may be particularly restrictive to the development and survival of P. subquadrata during the cool and dry season. In contrast, changes in microclimate, mainly in air humidity, likely have little importance in the rainy season, which allows individuals to also occupy the higher part of the trunk.
This research represents the Þrst attempt to understand the population ecology of a phloeid. Because no natural enemies have been reported to date, we focused primarily on abiotic factors. Nevertheless, we observed the egg parasitoid Trissolcus Ashmead (Hymenoptera: Scelionidae) and ants of the genus Crematogaster Lund attacking the eggs of P. subquadrata in the Þeld, suggesting that biotic factors play an important role on the mortality of the egg stage. Further studies should determine the effect of natural enemies on the behavioral adaptations (e.g., parental care) and the mortality patterns of phloeids. In addition, they should include the other host plants present in the natural vegetation (Salomão 2007) to understand how the use of different plant species affects the population dynamics of this herbivore. Fig. 4 . Variation in reproductive activity (mating and maternal care of eggs) and density of P. subquadrata females on P. cauliflora during 3 yr in Serra do Japi, south-eastern Brazil (n ϭ 1,004 individual records). Female density is plotted in logarithmic scale. 
